Interfacial Bonding and Fracture Phenomena between Porcelain and Metal Coping  by Park, J.S. et al.
Available online at www.sciencedirect.com
doi:10.1016/j.proeng.2011.04.262
ICM11 
Interfacial Bonding and Fracture Phenomena between Porcelain and 
Metal Coping 
J. S. Park1, H. S. Kim1, H. S. L. Kim1, M. K. Son2 and H. C. Choe3* 
1School of Dentistry, Chosun University, Gwangju 501-759, Korea 
2Department of Prosthodontics, School of Dentistry, Chosun University, Gwangju 501-759, Korea 
3Department of Dental Materials, School of Dentistry, Chosun University, Gwangju 501-759, Korea 
Abstract 
In last few decades, the porcelain fused to metal crown has been a successful dental restoration and many studies 
are worked and evaluated, but increasing availability of new base metal alloys demands constant evaluation of 
bonding and fracture between porcelain and metal coping. The aim of this study is to identify fracture phenomena 
and to measure bonding strength between porcelain and metal coping. This study evaluated the porcelain-metal 
bonding characteristics through three point bending test. Cast metal surface was sandblasted with 50ȝm, and 100ȝm 
aluminum oxide. After sandblasting, porcelain was built up on the coping with thickness of 1mm. For three point 
bending test, same alloys were cast into plates with 25±1×3±0.1×0.5±0.05mm. And porcelain was built up on alloys 
with 8±0.1×3×1.1±0.1mm size. Three point bending test was measured with a universal testing machine at a 
crosshead speed of 1.00mm/min. After fracture of porcelain, the morphologies of fractured surface were observed 
by using field-emission scanning electron microscopy (FE-SEM).  
 
  Keywords: Metal-porcelain; Interfacial bonding strength; Sandblasting; Aluminum oxide size, Wettability. 
1. Introduction 
The porcelain fused to metal crown has been widely used for a successful dental restoration. In the past, mostly 
gold alloy was used for that, but with increasing cost of gold alloy alternative non-precious metal alloys are used 
recently. For base metal to be used in dental restorations, it should have adequate physical properties, be easy to 
manipulate [1]. Non-precious alloys are relatively economic and their mechanical, physical properties are acceptable. 
And a lot of researchers have been studied about their bonding characteristics with porcelain. 
For long period retention in oral condition, interfacial bonding between porcelain and metal is important. In 
bonding aspects, mechanical interlocking provides retentivity. The more surface interlocking provides better 
bonding strength. Lavine and Custer found that surface roughness increased the bond strength due to diffusion of the 
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porcelain particles into metal surface [2]. And rough surface increase mechanical between metal and porcelain in 
study of Custer and Coyle [3]. To extend interlocking area, there are many processing methods like sandblasting, 
shot-peening and acid etching as chemical treatments. 
Ni-Cr and Co-Cr alloys are most popular materials for metal coping because of their good mechanical properties 
and costs. But their biocompatibility is doubtable so that new non-harmful materials are required. For this reason, 
no-allergenic material like titanium is used in dental crown and bridge applications. Along with wide use of titanium 
in dental restorations like implant, Ni-Cr-Ti alloy is developed for variable applications in dental area. To date many 
studies have been done about bonding strength between non-precious alloy and porcelain, but not very many 
investigations of bonding characteristics between Ni-Cr-Ti alloy and porcelain are made. 
In this study, we estimated the bonding strength of Ni-Cr alloy and Ni-Cr-Ti alloy using by three point bending 
test, surface roughness and wettability. And, to examine effects of surface roughness on bonding strength between 
alloy and porcelain, two sizes of aluminum oxide (50ȝm, 100ȝm) particles were used for surface roughness by 
sandblasting. 
2. Materials and Methods 
2.1.  Preparation of the specimens 
Each nine specimens for Ni-Cr (Verabond, Albadent, U.S.A) alloys and Tilite (Talladium, U.S.A) were prepared. 
All wax patterns for specimens invested by phosphate based investment using centrifugal casting machine. Eighteen 
specimens having dimensions slightly bigger than 25±1×3±0.1×0.5±0.05mm were prepared according to ISO 9693 
for metal-ceramic dental restorative systems. Compositions of the alloys were proposed in Table 1. The specimens 
were polished with SiC paper under water cooling in a grinding –polishing machine. All specimens were polished 
by #100, 600 SiC paper. The 2 specimens were ground up to #2000 and finely ground with aluminum oxide paste. 
And they were chemically etched for SEM observation. 
Table 1 Chemical compositions of alloys 
  
Eight Ni-Cr and Tilite (Ni-Cr-Ti) specimens were divided into 4 subgroups (Table 2). 4 specimens of Ni-Cr alloy 
were sandblasted with 50ȝm Al2O3 and 4 specimens with 100ȝm Al2O3. 4 specimens of Tilite (Ni-Cr-Ti) were 
sandblasted with 50ȝm Al2O3 and 4 specimens with 100ȝm Al2O3. When sandblasting, distances between nozzle 
and specimens were 5mm and air pressure was 0.5MPa. After sandblasting, specimens were cleaned in an ultrasonic 
bath of distilled water for 3min. 
Table 2 The conditions of surface treatment for samples 
Alloy Co Ni Cr Mo Al Be Mn Fe Ti
Ni-Cr 8 Bal. 16 5.0 3 1.5 3.5 - - 
Tilite 8 Bal. 16 5.0 3 1.5 3.5 - 4 
Alloy Treatment methods
Ni-Cr Sandblasting with 50ȝm Al203 
Ni-Cr Sandblasting with 100ȝm Al203 
Tilite Sandblasting with 50ȝm Al203 
Tilite Sandblasting with 100ȝm Al203 
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After surface treatment, application of the 1st, 2nd opaque and body porcelain were followed recommendations of 
the manufacturer. Low fusing porcelain (Ceramco, Dentsply, U.S.A) was applied at the center of metal specimens 
with size of 8±0.1×3±0.1×1.1±0.1mm according to ISO 9693(Fig.1). Firing up to 980Ȕ at degassing and up to 970Ȕ
when sintering 1st,  2nd opaque body. After opaque body application, body porcelain was sintered at 940Ȕ . 
Minimizing the handling error, all metal-ceramic specimens were prepared by expertise of dental laboratory. 
 
 
Fig. 1 Specimen design according to ISO 9693. A. Top view & Side view; B. Three point bending test on universal machine. 
2.2. Surface roughness and wettability 
Surface roughness is important for mechanical bonding characteristics. Using surface roughness testing machine 
(Surfcorder, SE3500 Kosaka Laboratory Ltd., Japan) values of each specimen’s roughness were obtained. 5 times 
testing was conducted for each specimen. For wettability test, a water droplet (approximately 5ȝL) was dropped on 
the specimen surface figuring sessile dome. Using a water contact angle goniometer (Kruss DAS100, Germany), 
untreated, sandblasted with 50ȝm aluminum oxide and sandblasted with 100ȝm aluminum oxide specimens contact 
angle was measured. 
2.3.  Three point bending test 
 For measuring bonding strength between metal and porcelain, three point bending test was conducted. The 
specimens were subjected to three point bending test using universal test machine (Shimadzu, AGS-1000D, Japan) 
at crosshead speed of 1.0mm/min. Specimens span on metal jig support was 20mm and round tip under 1mm radius 
forced center of the specimens. Compressive load was applied on specimens until porcelain fracture from metal 
occurred. That point was presented on load deflection curve by sudden drop. The failure load was recorded by 
computer software and bonding strength was calculated by equation according to ISO 9693. 
ߛሺܯܲܽሻ ൌ ܨሺܰሻ ൈ ܭሺ݉݉ିଶሻ 
F : Failure load 
K : a constant determined from a graph in ISO 9693 
3. Results and Discussion 
3.1. Surface roughness and wettability 
Surface roughness values are presented in Table 3. Non-treated Ni-Cr alloy shows lowest value with 0.0754 ȝm 
and Tilite (Ni-Cr-Ti) sandblasted with 100ȝmAl2O3 shows highest value with 0.6310 ȝm. Increasing Al2O3 particle 
size results in high value of surface roughness in both groups. In the case of 100ȝm Al2O3 sandblasted Tilite, highest 
surface roughness showed compared to other samples. It is confirmed that surface roughness depended on the 
particle size and alloying elements.   
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Table 3  Surface roughness with various alloy and surface treatment 
Sample Mean SD 
Ni-Cr non treated 0.0754 ห 0.00136 
Ni-Cr sandblasted with 50ȝmAl2O3 0.541 ห 0.062965 
Ni-Cr sandblasted with 100ȝmAl2O3 0.5887 ห 0.053701 
Tilite non treated 0.1466 ห 0.006774 
Tilite sandblasted with 50ȝmAl2O3 0.49 ห 0.02638 
Tilite sandblasted with 100ȝmAl2O3 0.6310 ห 0.03055 
 
Wettability test was for measuring the contact angle value indicating how wettable porcelain is to metal surface. 
The larger Al2O3 particle size used for surface treatment shows the lower value of contact angle. It means that using 
large size of Al2O3 particle for surface treatment enhances wettability of porcelain to metal. As mentioned by 
McLean, the contact angle value between metal-liquid determines the wetting and the smaller the angle, the better 
the molten porcelain will wet the metal [4]. In comparison with equally treated specimens in both groups, specimens 
of Tilite (Ni-Cr-Ti) groups show lower value of contact angle than that of Ni-Cr groups (Fig.3). It is consistent with 
results of higher surface roughness for sandblasted Ni-Cr-Ti alloy with 100ȝmAl2O3 particle. 
Fig. 3 Contact angle value: (a) Ni-Cr non treated ; (b) Ni-Cr sandblasted with 50ȝm Al2O3; 
(c) Ni-Cr sandblasted with 100ȝm Al2O3; (d) Tilite non treated; (e) Tilite sandblasted with 
50ȝm Al2O3; (f) Tilite sandblasted with 100ȝm Al2O3. 
3.2. Surface and interface  morphology                                                         
Sandblasted, rough surface of specimens images are shown in Fig. 4. 
Irregularity of sandblasted specimens increases surface area that occur 
bonding between metal and porcelain. There is no difference between 
equally treated Ni-Cr and Tilite (Ni-Cr-Ti) groups. But specimens treated by 100ȝm Al2O3 have rougher surface 
than surface of specimens sandblasted with 50ȝm Al2O3. 
As shown in the study of Schweitzer et al., debonding of the samples initiated from the terminal site of one end of  
metal-ceramic interface toward the other [5]. In Fig. 5, the gap between metal and porcelain of Tilite (Ni-Cr-Ti) 
specimen sandblasted with 50ȝm Al2O3 is shorter than that of Ni-Cr alloy. From information attained by these 
images, we expected that Tilite (Ni-Cr-Ti) groups had higher bonding strength due to high surface roughness. 
Because the larger bonding strength between metal and porcelain is, the shorter distance between fractured porcelain 
Fig. 4 FE-SEM showing the sandblasted surface morphology: (a) Ni-
Cr sandblasted with 50țmAl2O3 (×200); (b) Ni-Cr sandblasted with 
100țmAl2O3 (×500); (c) Tilite sandblasted with 50țmAl2O3 (×200); 
(d) Tilite sandblasted with 100țmAl203 (×500) 
Fig. 5. FE-SEM showing the interfacial gap images: (a) Ni-Cr 
sandblasted with 50țmAl2O3 (b) Ni-Cr sandblasted with 50țmAl2O3 
(c) Tilite sandblasted with 50țmAl2O3 (d) Tilite sandblasted with 50ț
mAl2O3 
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and metal is.  
Pores occurred in process of porcelain build up are shown (Fig.6, 7). Porcelain is not contact with metal in area 
existing pores so that impede bonding between metal and porcelain. Among bonding failure appearance, adhesive 
failure is the most desirable bond failure mode [1]. All specimens exhibited adhesive failure but especially in image 
of metal surface of Tilite (Ni-Cr-Ti) sandblasted with 100țmAl2O3, it has cleavage fracture characteristics. 
3.3. Bonding strength between porcelain and metal alloy  
The mean of bonding strength between porcelain and metal presented at Table 4. In early of this study, by results 
of roughness and wettability, we expected that Tilite (Ni-Cr-Ti) specimens and specimens treated by large size 
Al2O3 particles have higher bonding strength. In study of Lavine and Custer, they found that surface roughness 
increased the bond strength as compared with non-roughened castings due to the increase in surface area, thus 
improving wettability, because of the diffusion of the porcelain particles in to the metal-porcelain interface [2]. And 
Custer and Coyle reports that surface roughening increase mechanical locking between metal and porcelain, thus it 
has effect of enhance bonding strength [3]. All specimens bonding strengths are above 25MPa presented in ISO 
9693 as standard level. But as presented in Table 4, sandblasting with 100ȝm Al2O3 specimens shows lower bonding 
strength than specimens treated by 50ȝm Al2O3 in spite of high roughness value. It maybe results from some reasons; 
firstly, there is oxide layer thickness for that reason. Non-precious metal oxide layer acted important role in metal-
porcelain chemical bonding. In study of Lautenschlager et al. they found that non-precious metal combine with 
oxygen and interact with elements in porcelain so make strong bond [6]. According to Mackert et al. oxide layer 
formed prior to the fusion of the porcelain becomes the transition zone and plays a important role in determining 
bonding strength [7]. But, too thick oxide layer may lead to weakening bonding strength. Kononen et al. found that 
increased oxide production in processing of repeated firing of porcelain is not favorable in achieving good bonding 
strength [8]. And concentration of stress on line angle of sandblasted metal surface is possible other reason. At 
excessive rough surface, bonding strength may be reduced because of stress concentration. According to Fung, 
because the viscous porcelain will need to bridge the macroscopic irregularities on the metal surface, irregular pore 
was shaped at interface of metal-porcelain. Then, stress concentration is occurred on line angle of pore and reduces 
bonding strength [9]. Bonding strength of Tilite (Ni-Cr-Ti) groups is higher than that of Ni-Cr groups. It means 
titanium in Tilite (Ni-Cr-Ti) advanced bonding strength because all other elements are same in both alloy. In study 
of Yilmaz et al., they found that adherence strength of titanium is larger than that of Ni-Cr alloy oxides [10]. In our 
study, the alloy containing Ti showed the higher bonding strength compared to the alloy without the Ti. It is well 
consistent with the results of Yilmaz’s research. Therefore, the metal coping casted with alloy containing Ti is good 
to bond between metal and porcelain due to Ti oxide formation for sintering. 
ig. 6. FE-SEM showing the interfacial gap images: (a) Ni-Cr 
andblasted with 50ȝmAl2O3; (b) Ni-Cr sandblasted with 50ȝmAl2O3; 
c) Tilite sandblasted with 50ȝmAl2O3; (d) Tilite sandblasted with 
0ȝmAl2O3; (e) Ni-Cr sandblasted with 100ȝmAl2O3; (f) Ni-Cr 
andblasted with 100ȝmAl2O3 
Fig. 7. FE-SEM showing the metal and porcelain bonding surface: (a) 
Metal surface of Ni-Cr sandblasted with 50ȝmAl2O3; (b) Porcelain 
surface fractured from Ni-Cr sandblasted with 50ȝmAl2O3 
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4. Conclusions 
Specimens sandblasted by larger particles of aluminum oxide have more rough surface and lower contact angle 
value.  
In view of bonding failure characteristics, nearly all specimens are showed adhesive failure mode that is desirable. 
Porcelain is not contact with metal in area existing pores so that impede bonding between metal and porcelain.  
All of specimens have value above 25MPa presented in ISO 9693 as standard level and clinically important 
bonding strength of Tilite (Ni-Cr-Ti) groups is higher than Ni-Cr groups. The alloy containing Ti showed the higher 
bonding strength compared to the alloy without the Ti. Therefore, the metal coping casted with alloy containing Ti is 
good to bond between metal and porcelain due to Ti oxide formation for sintering. Additional studies of roughness 
and metal oxide layer for metal-porcelain bonding are needed for exact properties of Tilite (Ni-Cr-Ti).  
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